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(54) Medium density ethylene polymers, a process to prepare these polymers and use of 
carbonyl group containing chain transfer agents In this process 

(57) The present invention relates to an ethylene 
homo or copolymer having a density of between 0.923 
and 0.935 g/cm 3 , having a molecular weight distribution 
M^/^n °* between 3 and 10, and comprising from 0.10 
to 0.50 wt.% of units derived from a carbonyl group con- 
taining compound, based on the total weight of the 
homo or copolymer. In addition, the invention relates to 
a free radical initiation polymerization process for the 
preparation of medium density ethylene polymers or 
copolymers, comprising reacting ethylene and option- 
ally one or more comonomers at a high pressure, con- 
veniently between 1600 and 4000 kg/cm 2 , and at 
temperatures of about 150-330°C in a reactor system 
consisting of at least one autoclave reactor or of a com- 
bination of autoclave and tubular reactors, in the pres- 
ence of free radical initiators and a carbonyl group 
containing compound, characterized in that such 
amounts of the carbonyl group containing compound . 
are used so as to provide an ethylene polymer or oopol- . 
ymer comprising 0. 1 5-0.50 wt% of carbonyl group con- 
taining compound derived units based on the weight of 

the total polymer and having a density of between 0.923 , . 

and 0.935 a/cm 3 . Finally, the invention relates to carbo- 
nyl group containing chain tranfer agents to obtain 
improved polymer processing and performance proper- 
ties in flat die extrusion processes and applications. 
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MEK is expficitly referred to. 

(001 6] In US-A-3,691,145 a high pressure polyethylene preparation process is described using polymerization regu- 
lators. The polymerization regulators used may be "those usual in the art, such as alkanes, aJkenes of more than two 
carbon atoms, alcohols, ethers, aldehydes, ketones or mixtures of such substances". Reference is made to the above- 

5 mentioned article of Mortimer. 

[0017] US-A-3,91 7,577 describes a continuous process for the production of ethylene hoiroporymers in a tubular 
reactor having at least two reaction zones. Ethylene, initiator and regulator are continuously introduced at the beginning 
of each reaction zone. It is the object of this patent to provide a muttistage process giving a polyethylene having a nar- 
rower MWD. In order to achieve this, one has to use the polymerization regulators having a high C value as described 

10 by Mortimer. MEK and propionaidehyde are mentioned among the preferred regulators. 

[0018] US-A-4.076.919 teaches to use conventional regulators such as propylene and MEK in a high pressure two- 
zone tubular reactor ethylene polymerization or copolymerization process. 

[0019] US-A-4,085,266 teaches the same chain transfer agents in a two-zone autoclave ethylene copolymerization 
process. In the top zone of the autoclave reactor ethylene is polymerized at a pressure of between 1,000 and 1,800 
18 kg/cm 2 and at a relatively low temperature of between 130 and 200°C, followed by a reaction in the bottom zone at a 
pressure in the same range and at a high temperature of between 220 and 280°C. 

[0020] In US-A-4, 123,600. a high pressure LDPE preparation process is described using a battery of two or more 
autoclave reactors, which are operated in the same way as the autoclave reactor described in the previous paragraph. 
[0021] . In the high-pressure polymerization process described in US-A-4, 168.355. the melt index of ethylene homo 

20 and copolymers is taught to be affected in a conventional way by the addition of a chain transfer agent 

[0022] US-A-4.988.781 teaches the production of an improved homogeneous interpdymer of ethylene and an a- 
olef inicafly unsaturated carboxyiic acid or ester in a stirred autoclave. The polymer product is said to have a substan- 
tially narrow MWD, appreciably reduced levels of long-chain branching, substantially improved extrusion stability, and 
appreciably improved draw-down. The improvements are obtained by using a telogenic modifier. MEK is referred to as 

26 an especially preferred telog en. 

[0023] When in these known processes using carbonyt group containing compounds,, such as MEK or propionaide- 
hyde. as chain transfer agent (CTA) polymer products having a medium density are prepared, the obtained polymer 
products usually have a narrow molecular weight distribution of less than 3.0 and contain reduced amounts of high 
molecular weight fractions. This is due to the high reactivity of the carbonyt group containing chain transfer agent used. 

30 In addition, these chain transfer agents have negligible copolymerization possibilities resulting in polymers having 
medium densities. Short chain branches due to copolymerization of the CTA are not or hardly formed. 
[0024] Such polymer products having a narrow MWD are very suitable for the production of high clarity LDPE blown 
films, however not for cast film or extrusion coating applications, which require polymers having broader molecular 
weight distributions. 

55 [0025] Further, the known processes, which in practice essentially make use of a tubular reactor, have relatively low 
ethylene conversions of maximally about 16-18%, because in order to obtain preferred medium density LOPE'S, having 
densities of between about 0.925 and about 0.935 g/cm 3 , the reactor temperature range has to be kept relatively low at 
values of about 100-260°C. depending on the reactor configuration. In known autoclave processes, broad molecular 
weight products fa cast torn and extrusion coating can be obtained. However, these autoclave, processes normally 

40 require relatively low pressures, which means that only low concentrations of ketones or aldehydes can be used. 

[0026] It is a first object of the present invention to provide ethylene homo and copolymers which have a medium den- 
sity, .while having a relatively broad molecular weight distribution. 

[0027] ft is a second object of the present invention to provide ethylene homo and copolymers for cast films and extru- 
sion coating applications. 

45 [0028] It is a third object of the present invention to provide ethylene homo and copolymers having a relatively high 
content of units derived from carbonyl group containing chain transfer agents, such as ketones and aldehydes, and 
especially from MEK or propionaidehyde. 

[0029] It is a fourth object of the present invention to provide polymers having improved adhesion properties, even so 
good that the need for conventional substrate or polymer melt treatments, such as corona, flame or ozone treatment, to 
so improve the adhesion properties is significantly reduced or even eliminated. 

[0030] It is a fifth object to provide a process wherein medium density LDPE polymers can be prepared with higher 
ethylene conversions. 

[0031] It is a sixth object of the present invention to provide a flexible process allowing to provide polymers for blown 
films, cast films and extrusion coatings in a polymer density range of 0.923 to 0.935 g/cm 3 . 
55 [0032] ft is a seventh object of the present invention to enable the application of polymer melt having a higher viscosity 
onto substrates. 

[0033] His an eighth object of the present invention to allow molten polymer web application with reduced air expo- 
sure. 
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IP034] Any other objects of the present invention will become apparent after considering the description hereinbelow. 
Summary til t&i&xSm 

E' hJTr,!. « !^ i 7 8nti0 r ethylene tV3WO or c °P° , y mers havin ° a density of between 0.923 and 0.93S 

S V*** 9W diS,ribU,i0n ^ 01 between 3 10 - comprising from 0.1 0 to 0.50 wt.%5 
^ 8 8rDup oontointn 9 compound, based on the total weight of the homo or copolymer 

[0036] ^According to a further aspect, there is provided a free radical initiate pojmerizabon p^oceXZiepara^ 

Z£Z£Z??!l ethy,ene P °' ymere ° r ««*< TeSene and^^one a^re 
comonorners at a high pressure, conveniently between 1600 and 4000 kg/cm*, and at tempemtures of about I5r> 

Sn ^L^-^ ""^ "? ?f le3St 006 M0<i ™ or of a combination of Zc^ L tuSr reat 
SntLrf ■ radiCa ' •' nft,a,0f6 3nd a 0 rou P «>«aining compound, characterized in that 

?^^ y i ) 9rC T CW f a ' nin9 C ° mp0Und are USeo 80 as to P""* 8 an Xylene polymer or copolymer com- 
P/® 1 " 3 01 "^y 1 8™p containing compound derived units based on the wefeht of thTtot^X 

and having a density of between 0.923 and 0.935 g/cm 3 . poiymer 

£037] According to a third aspect, the present invention i*aia8lp»ieiiMolae«!K>t^ow4»conWntaetotti» 
feragent in a polymer preparation process to increase the ao7,esionofthepolymerme«^Wtoai^™SS 
£038] According to a fourth aspect, the present Invention relates to the use of a carbonyl group Sri nTcSaTn 
transfer agent in a polymer preparation process to increase the water vapor barrier 9 

" EES ^ an0B,er aSp6Ct the pfesent inv8 "«° n <«> the use of a carbonyl group containing chain transfer 
• agent, n polymer preparation process for effecting a good and shelf-life stable primabiirry 

LTL^S^ PreSent invemion ft has been foun ° *at medium density ethylene homo and copoly- 

» t^Z^ Z T ra Wc**"*. by polymerizing ethylene and cptionally a comonomer in the pSe of 
! S I * ° am0untS 01 a cart50n y 8^ confining compound, such as methyl ethyl ketone or propionawXS Z 
a high pressure autoclave or autoclavelubular reactor combinations. In this process, relative!* 'SZSZX 
EKST" SL* 8 - MEK " P^«*Heh*e are incorporated oTcS 
pZe?pSucT:£nT ^ " " ^ ^ 8dVarta0eOUS » rt " n ™» of thetedium^ 

* ra^ 1 abJe^^^ i f R lTZ m K i ^ e, ^ T* Um den9ty P 0 "™" at monomer conversion 

^. a ™^' tf'^ y h,9her tha " * e C" 1 ^ 0 " ra, « s obtain in conventional tubular reactor polym- 
erizations which achieve ethylene conversions of about 16-18%. ^ ^ 

i^il J^T " haS . bea " toUnd accordance with the present indention that the relationship of medium density and 
a Z™ n ^^I^ 1** ^^Po^ere containing ketone or aldehyde derived units as oose^rtuWeS 
S ; th !I eree tha ' medium ***** P^ymers can be obtained with broader mJecuta weSSt 
^S« e ^ a ^»Ln mb ' n,n9 aul0dave ^ 8 tubular reactor in the polymerization process. aZote 
production of broad MWD polymers while maintaining a high density of betweana9M to 0.935 gS 

Detailed deBcrlntinn 

40 

55?. J^«« l^i 1, tha present invenlion re| ates to an ethylene homo or copolymer having a density of between 
f™ 5 ^cm 8 . and a molecular weight distribution (the ratio rtTeiflht average 'aSSmSSTi 
number average molecular weight) of between about 3 and about 10. and comprising from 0 10 to 050 TwL* 

« ZlTZ^S, VOUP COmainin ° ano^eh^^un * oSUK 

[0044] The term ethylene copolymer as used In the present description and the claims raters to polymers ot ethylene 
S^e^iST^ SuitaUe v*™™" to be used in the ethylene poiymers of 
giving the same trends in polymer properties, are. for instance, ethylenfcally unsaturated monomers and esoectellv cT 

unrt equ,pped ^inferential refractive indexdetector and threecolumns of mixed poL^Sum^reSS 
by Polymer Laboratories and are commonly packed with pore sizes of 10 3 . 1 0 4 10 s a* 10 6 V^luZTS S!f 

mjwrters per minute unit operating temperature b 140-C and the Injection volume Is 2^Srters 
. • IT! m ^ e W8 ' 9W determination w «h respect to the polymer backbone is deduced by usino narrow molec 
ylar we.ght distribution polystyrene standards (e.g. Polymer Laboratories) in conjunction SSJZISE 
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equivalent polyethylene molecular weights are determined by using appropriate Mark-Houwink coefficients for polyeth- 
ylene and polystyrene (as descrbed by Williams and Ward in Journal of Polymer Science, Polymer Letters. Vol. 6. p. 
621 , 1 968) to derive the following equation : 

5 M potytlftytonft B a * (M poIysyr»r») * 

[0047] In this equation , a°0.4316 and b=1.0. Weight average molecular weight and number average molecular 
weight M* and M n respectively, are calculated in the usual manner 'according to the following formula : 
Mj a (Ew, (M , J )) J where wj is the weight fraction of the molecules with the molecular weight M { eluting from the QPC 

io column in fraction i and j a 1 when calculating^ and j - -1 when calculating M n . 

[0048] The melt flow Index Ij Is determined in accordance with ASTM 01238. condition (E) (190°C/2. 16 kg). 
[0049] Densities of the polymer products are determined in accordance with ASTM D-792. 
[0050] The polymers of the invention preferably have a density of between 0.925 and 0.930 g/cm 3 , and preferentially 
have a molecular weight distribution of between 5 and 9. and most preferably between 6 and 8. 

15 [0051 ] The polymers of the present invention have a weight average molecular weight of between less than 5,000 up 
to 500,000 and more and preferably between 10,000 and 250.000. 

[0052] In this description and the claims, the term carbonyl group containing compound is a compound capable to act 
as a chain transfer agent which compound contains a -C(O)- group and in addition carbon atoms substituted with 
hydrogen atoms, wherein a part of the hydrogen atoms can be substituted by inert substHuents or moieties. The pres- 
so ence of units derived from a carbonyl group containing compound, such as methyl ethyl ketone or propion aldehyde 
derived units, can qualitatively and quantitatively be determined using known techniques, e.g. by using IR spectroscopy 
and 13 C NMR spectroscopy techniques. 

[0053] The content of units derived from the carbonyl group containing compound, and especially of methyl ethyl 
ketone or propionaldehyde derived units, is preferably between 0.15 and 0.40, most preferably between 0.18 and 0.30 
2$ wt.% based on the total weight of the polymer. In the most preferred embodiment the polymers of the invention contain 
methyl ethyl ketone derived units. 

[0054] By using carbonyl group containing compounds as chain transfer agent carbonyl groups (~C(0)-) are intro- 
duced in the polymers formed. Without wishing to be restricted to any theory, the present inventors beGeve that ketones 
• and aldehydes are Incorporated in the polymers prepared in two different ways. When using an aldehyde as carbonyl 

30 group containing compound, the carbon atom of a -C{0)- group is incorporated in the backbone of the polymer, rf a 
ketone, such as MEK, is used as the carbonyl group containing compound, a carbon adjacent to the -C(0)- group is 
incorporated in the polymer backbone. In that case, the polymer prepared will contain pending carbonyl group contain- 
. ing side chains. When using MEK, one win obtain a polymer containing -C(0)-CH 2 side groups. As compared with the 
carbonyl groups derived from aldehydes, the pending side groups are more mobile, and it is believed that these pending 

35 groups have a greater attribution to the advantageous effects obtained. 

[0055] In a second aspect, the present invention relates to a tree radical initiated polymerization process for the prep- 
aration of ethylene.polymers or copolymers, comprising reacting ethylene and optionally one or more comonomers at 
a high pressure, and at temperatures of about 150-330°C in an autoclave reactor comprising at least two reaction zones 
or in a combination of autoclave and tubular reactors, in the presence of free radical initiators and carbonyl group con- 

40 talning chain transfer agents, preferably MEK or propionaldehyde, wherein such amounts of carbonyl group containing 
chain transfer agent are used that an ethylene polymer or copolymer comprising 0.1 5-0.30 wt.% units derived from the 
carbonyl group containing compounds, based on the weight of the total polymer, and having a density of between 0.923 
and 0.935 gtem 3 , is provided. 

[0056] The process of the present invention is carried out at a high pressure, which means in the context of the 
46 present invention that the reaction pressure is at least 1200 kg/cm 2 , conveniently between 1600 and 4000 kg/cm 2 . 
[0057] The process of the present invention is a free radical polymerization process. The type of free radical initiator 
to be used in the present process is not critical. Free radical initiators that are generally used for such processes are 
oxygen, which is usable in tubular reactors in conventional amounts of between 0.0001 and 0.005 wt% drawn to the 
weight of polymerizable monomer, and organic peroxides. Preferred initiators are t-butyf peroxy pivalate. oM-butyl per- 
so oxide, t-butyl peroxy acetate and t -butyl peroxy-2-hexanoate or mixtures thereof. These organic peroxy Initiators are 
used in conventional amounts of between 0.005 and 0.2 wt.% drawn to the weight of polymerizable monomers. 
[0058] The amount of chain transfer agent used in the process of the present invention lies between 0.03 and 2.0 
percent by weight, and preferably between 0.5 and 1 .5 wt % drawn to the amount of monomer introduced in the reactor 
system. Preferably, MEK is used as the chain transfer agent MEK has a relatively low chain transfer activity when com- 
55 pared to propionaldehyde and therefore the amount of carbonyl groups available during the polymerisation process is 
higher. Further, when using a ketone or aldehyde as chain transfer agent . the polymers obtained will have carbonyl 
groups at the polymer chain. As stated herein-above. It is believed that the pending carbonyl groups have a greater attri- 
bution to the advantageous effects obtained. These effects have been proven in the examples described in this docu- 
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mem. . 
[0059] 



[0059] For high pressure, free radical initiated polymerization processes, two basic types of reactors are kno-n tr„ m 
rj^n 8 ! ^ an 39ita,ed **** having one ; TO 2K2 SS ie^S 

reactor. to the second type, a jacketed tube is used as reactor, which tube has one or more reactioT^^TZi?, 

c^non^^ 

as well as any combination thereof. The hi 0 h pressure process of the present Invention^™ SEE 
S^T^f^r^ h !T in9 J h9 advanta 9 eous W^** « tound in accoroance with IheSSS 
reSt* aUtoC ' aVe r8aC,0f tevin9 at ,east 2 feacti0 " »"« or in a combination of an autodaTan^a Ki 

' SSL h I ^ a « reSen, *l e •» essure * *• rea <^. *hich contains more than one reaction zone is 

retetively high as compared «h prior art processes using autoclave reactors, and is preferably betweenTwo aSSoo 
kg/cm*, in the mostpreferred embodiment the reactor pressure is at least 2000 kg/cm*. J^S^S lie tan 
pressure vatoas used in the process of the invention have a direct effect on the amount J C^iSfiM e o 

SKsssss ess issz ^ *» — ^sseus 

SfrlJlL 8 Pre,Srred , emb0diment 01 me P"** 58 °» *■ invention a combination of an autoclave comprising at least 
a ?l a " nvemional ,ubular ^ having at least one reaction zone Is used. sSnTZemSal 
SSaN V? * °f er ™' W3ter iacket 300 has * "aast one Injection point tor inftiatoar^^Zomer 
. re f 0rlen8,hS 1)6 bel " een about 500 and 1500 meters. The autoclave ScWSmaHy 
has saveraJ injection pants tor mrtiator and/or monomer. In this embodiment medium density ethylene h^^^Z 
ymers havmg improved optical properties are obtained. The particular reactor comSation^S alS?2l2£ 
n«es of above 20%. which is signiticantiy higher man the conversion rates C^X^afdlto^cSTwS 

S , SL)^T >dUd ^ B m !f ium d8nsitv . the combination of a tubular with an autoclave reactors offers 

ntZ tlZZT"* «han «he h*«ter reactor only; the produced polymers can vary fcomSKTS a^£v 

narrow MWD to coat.ng type resins having a much broader MWD, by enhancing the prodiSta £12^ 

uw weigm distributions. In this way the molecular weight distribution of oolvethvlenA hnmo a, ' ' T 

contents of units derived from the carbonyl group containing compounds used rang relatively h.gn 

[0065] When using a combination of an autoclave and a tubular reactor it is oossitfo tn mm. ~* v 

T 1 **"™ «"> «*"— » (MWD between about 3.0 Z^ci^^m^^^^ 

Cn*v^^ 

in the reactor, is polymenzed in the autoclave reactor and between about 13 and 1 s wt <*. „» .k^ ^T • . 

£? £ ^ reaCt0r - teS a ** ^ Ww - ^^^^^^i^^'^i 
g/cm 3 . The conversion rate of the monomer is about 20-23 wt.% 0 5,29 and 0 931 

PW67] Polymers suitable for cast flm applications can be obtained by controlling the temoerature in the h«, «. ^..^ 
of between 250 and 300'C. while the initiation temperature is between 170 and 200'C. The pcW^Suc. 
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in such a process, wherein between about 8 and 10.5 wt.% monomer, based on the total amount of monomer intro- 
duced in the reactor, is polymerized in the autoclave reactor and between about 16 and 18.5 wt.% of the monomer is 
polymerized in the tubular reactor, has a meft flow index of between 1.5 and 4.0 t and a density of between 0.926 and 
0.929 g/cm 3 . The conversion rate of the monomer is about 26-28 wl%. 

5 [0068] Polymers suitable for extrusion coating applications can be obtained by controlling the temperature in the two 
autoclave reaction zones at between 190 and 220°C. while the inlet temperature of the monomer feed streams for both 
reaction zones is between about 20 and 60*C; and by controlling the peak temperature in the tubular reaction zone at 
a value of between 240 and 290 4 C, while the initiation temperature is between 180 and 220*C. The polymer product 
obtained in such a process, wherein between about 1 0 and 1 2.5 wt% monomer, based on the total amount of monomer 

10 introduced in the reactor, is polymerized in the autoclave reactor and between about 13 and 15 wt.% of the monomer 
Is polymerized in the tubular reactor, has a melt flow index of between 3.0 and 12. and a density of between 0.926 and 
0.929 g/cm 3 . The conversion rate of the monomer is about 24-27 wt% 

[0069] The amount of CO groups built in the polymer chain depends not only on process conditions (that is, if condi- 
tions used are for class 1,11 or III), but mainly depending on the desired MR of the polymer being produced. A fflm resin 
15 producedfeelonging to class I may be produced at Melt index 0.3 or up to 4.0 and the amount of chain transfer agent 
needed/incorporated will generally be of from 0.10 to 0.50 wt% of units derived from a carbon yl group containing com- 
pound and based on the total weight of the homo and copolymer), depending on the desired Melt Index of the polymer 
being produced. 

[0070] When using an autoclave reactor containing at least two reaction zones, similar products can be prepared, be 
20 H with a lower conversion rate of the monomers to be polymerized, by using the reaction conditions indicated in the pre- 
vious paragraphs for the autoclave zones. 

[0071 ] In a preferred embodiment, the process of the present invention is a high pressure process for the production 
of medium density polyethylene resins for extrusion coating or cast film applications. 

[0072] In a very preferred embodiment, the autoclave reactor comprises at least two reaction zones, while the tubular 
25 reactor comprises at least one reaction zona Such a typical reactor configuration makes it possible to run the reaction 
at relatively low maximum control temperatures of between about 150 and 220°C tor the autoclave reactor and of 
between about 230 to 290*C for the tubular reactor in each reaction zone, giving a polymer product having a relatively 
high density, with high conversion rates of more than 20 wt.% monomer. 

[0073] The present invention uses carbonyl group containing compounds, and especially ketones or aldehydes, as 

so chain transfer agents in a high concentration under such reaction conditions that a medium density polymer product is 
obtained and a relative high content of carbonyl group containing units are incorporated in the polymer product 
[0074] Without wishing to be bound to any theory, H is believed that the high amount of carbonyl groups present in the 
resins of the present invention result in the observed improved adhesion of the polymer to substrates, such as paper, 
aluminum, eta. in coating applications; the peel strength in such applications considerably increases. The increased 

35 adhesion provides the possibility for higher One speeds in the application equipment, with less neck-in of the coating 
occurring, and/or a smaller air gap. Neck-in is a term known to the person skilled in the art and is defined as one-half 
of the difference between the width of a polymer film at the die opening and the width of the polymer film at the nip roll. 
Together with a reduced neck-in, the edge bead and edge trim will become smaller, as well. The air gap is the distance 
between the die providing a polymer melt and the place where the polymer melt is pressed onto substrate. The air gap 

40 controls - at a given applied coating weight or thickness, melt temperature and fine speed - the exposure time to air. 
Reducing of the air gap reduces the time for emission and heat loss from the molten polymer to the environment prior 
to its application onto a substrate. The possibility of using smaller air gaps, makes it possible to run at higher coating 
line speeds for a certain level of adhesion; or makes it posstole to lower the melt temperature of the polymer product 
used for coating a particular substrate which has an advantageous effect on the sensory performance of the polymer 

45 product obtained by limiting the air exposure time or oxidation time. Hence, the present invention provides a process 
allowing to coat substrate materials with less oxidized coatings. 

[0075] Further, the need for pretreatment of the polymer melt or substrate surface in order to improve the adhesion, 
e.g. a corona, flame or ozone treatment, is reduced. Such known pretreatments give rise to damages of the surface, 
. while in addition generally the level of emissions of undesirable compounds increases. 
so [0076] More In particular, as compared with a standard extrusion coating resin having a Melt Index of 4.1 and polymer 
density of 0.921 g/cm 3 (PC 7004; obtainable from The Dow Chemical Company), it was found that extrusion coating 
resins of the present invention had about 30-40% better adhesion properties to paper and aluminum foil, measured at 
corresponding coating line speeds. 

[0077] The resins produced with the process of the present invention have a reduced water vapor permeation permit* 
55 ting coating thickness reductions. The reduced water vapor permeation is especially desired in paper and board based 
packaging materials, because the structural properties of paper and board, such as package rigidity, are sensitive to 
moisture sorption. As compared with a standard extrusion coating resin such as PG 7004 (obtainable from the Dow 
Chemical Company), it was found that a polymer of the invention having a density of 0.930 g/cm 3 and a MFI of 3.0 
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inT^SlT r ^^^^ bBtmi0Ur - 71,8 * the invertiwi a "■«« vapor permeation 

faStl^ 'teS2^^ hSST^ ,hic,,ness) - ^ «? e 8tendart « fru6to " «««"0 r«in oavHvalSe of about 
10078] The resins produced with the process of the present invention further have improved printing ink adhesion 
ZTL Z^V^^ tof The increased TSXSSSSSm 

Slme?SS 5 * UM * W ° h fll0SS *" "** reqUired ** hiflh ontothe coaled 

[0079] In further aspects, the present invention hence relates to the use of a carbonyl group containing chain transfer 
agent in a polymer preparation process to increase the adhesion of the polymer preparS to a sa^Z^iaHomT 

ffi' r* comainin9 ^ ^ 8gent * 

SlintSlK" ~ atn9 tt )' CkneSS artic,es produced ^tothe use of a cafconyl g^ltng 
chain transfer agent to enhance printability of the polymer prepared ^ a 

E°i rHZTZ'^ incr « as ^P° , y m er densHy provides higher mechanical strength and therefore giving thepossi- 
%L JL h * " ^ *° n to ** ""^P"** WBher matting point and energy required to mef^ 
2 t T **" 85 h6at 8Xp0Sure in ^"X^ssinO (e-B- drying, station, etc.) 

S^rc nr^^ r^^T *" f*"* - P***™*™* the fabrication of articles thereof. For instance, the pol- 
S , a r rtan0 °^ ,h ,he PreSem ,nvemion ^ an ^^«d pinhole resistance controlled S meTett 

temperature with i less pm holes while maintaining the good substrate adhesion properties described above improves 
TrKl^rd^ barTlef ° nhe C ° atin9 and ^ reduced «* ti "9 sicknesses onTensitive subZesSS aTp^ 

S2,« 0 ^ U Jl!ir e i ^°" makes » to use carbonyl group containing chain transfer agents to allow the 

™£ ^ Web$ 01 POlymer Wlth reduoed heat radiatkxi - Lower mett temperature processing Xrs in aSBo^ 
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[0083] The invention is further illustrated by means of the following. non^rnWng examples. 
. Example 1 

SIS!! 1 *. j!",* 1 LDF I r6 ^ 0r <* 8 ■*> action wnes stirred autoclave (AC) reactor followed by a two reaction 

zones tubular reactor, ethylene was polymerized under the following steady state conditions: ' 

- Reactor pressure: 2440 kg/cm 2 ; 

. - Autoclave reactor residence time: around 55 sec 

- Tubular reactor residence time: around 80 sec 

' L^t^^^ 8 (TBPV) waS iniected 88 free ^tor in each autoclave reactor zone. At thebeainnina 
of the two reactor zones of the tubular reactor, additional free radical initiator was injected 9 9 

- Temperature process conditions: . 

- Autoclave top-zone (50% ethylene): inlet 90°C. controll 70*C 

- Autodavebottorrvzone(5^ 
■ Tube 1 81 zone control: 250*C 

- Tube 2 nd zone control: 252°C 

' dtSvinS^ 

-measured using « CNMR ^ determined, o be O.lfw^^^ 

The polymer was measured to have a Mw/Mn value of 3.7 pwyemyiene chain). 

Example 2 

Ks.rPC^'w"^^ * e PrOC6SS described Exam P ,e 1 «« tested on a extrusion coating ,0m 
Z^r^^T^™^ ^ ^ ^ * « »*— — * « - carbony, basedlr, 

Snn^I" 65 '? 0 DehaVi0Ur w f ,es,ed ar * without a pretreatment with corona. More In particular the oaoer 
?^*™"J? J ™ ™* teSted * e Mullen Te6t - •* *• test spedmen. heU betweeTaSclani? S 
spaced to an increasing pressure by a rubber diaphragm, which is awarded by hydraulic pressure^trSa'te 
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until the test specimen ruptures, The pressure reading at that point is recorded as the bursting strength. Bursting 
strength Is defined as the hydrostatic pressure In kiopascals, or pounds per square inch or psi. required to produce rup- 
ture of the material when the pressure is increased at a controlled constant rate through a rubber diaphragm to a circu- 
lar area , 30.5 mm (1.2 in.) diameter. The area of the material under test is initially flat and held rigid at the 

5 circumference but is free to bulge during the test (TAPPI T 403 om-91) . Based on this test standard an adhesion per- 
centage is calculated., defined as the burst strength measured from the coated side divided by the burst strength meas- 
ured from the substrate side times 100. The resins were extruded at a set extruder temperature of 290*C from a 
coathanger type extrusion die with a nominal die gap of 0.7 mm, onto 70 g/m 2 Kraftpaper in an amount of 25 g/m 2 in 
. parts with in process addition of 40 micron aluminium sheets, using an air gap of 250 mm and varying line speeds in 

10 meters per minute; and at a line speed of 100 m/min , but with varying air gaps, utilizing a matt chill roil maintained at a 
temperature of 1 5 to 20'C. Subsequently, the percentage adhesion was determined. The results are given in the follow- 
ing tables. 



Paper adhesion (%) using varying fine speeds 


line speed (meter/mi n) 


100 


150 


200 


250 


resin 










example 1 


94 


86 


79 


63 


PG7004 


89 


70 


50 


39 



TaWe2 



Paper adhesion (%) using varying air gaps 


air gap (mm) 


180 


250 


250<*) 


320 


resin 

example 1 


93.5 


94 


100 


97 


PG7004 


62.5 


89 


91 


96 



': with corona pretreatment (8 kW) 



[0088] Further the water vapor transmission was compared for the coatings applied at a speed of 100 m/min. The 
40 resin of example 1 was found to give a reduction of 30.4% as compared with PG 7004 (air gap 1 80 mm) and of 40.5% 
(air gap 250 mm) as presented in table 3. 



Tables 



50 



Water vapour transmission (WVTR in gr/cm2 at 
38*C) 


Resin 


Air gap 


WVTR 


% reduction 


example 1 


180 


2.90 


30.4% 


PG 7004 


180 


4.17 




example 1 


250 


2.20 


40.5% 


PG 7004 


250 


3.70 





J0089] In addition, ttie two types of resins (ex.1 and PG 7004; Bne speed 100 meters/min; 25 g/m 2 ) were applied to 
aluminium fofl (40 |im). The adhesion of the polymer coating to aluminum foil was measured by peeling the polymer 
coating at a 15 mm sample width, at a peeling angle of 180 degrees and at a crosshead speed on a tensile tester of 
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1 25 mirVmin. The results are shown in table 4. 



10 



15 



Table 4 

adhesion (N/15 mm) to aluminium foil 



air gap (mm) 


180 


250 


. resin 






example 1 


3.7 


4.6 


PG7004 


1.5 


2.9 


example 1 (corona) 




3.8 


PQ 7004 (corona) | 




2.5 



10090] In addition, coefficient of friction to metaJ \ 
In table 5. 



J for both types of polymers. The results are presented 



Table 5 



25 



Coefficient of friction to metal 


Air gap (mm) 


180 mm 


250 mm 


Example 1 
PG7004 


0.16 
0.27 


0.18 
0.27 



Example 3 



35 - 



40 



" Temperature process concfitions: 

Autoclave top-zone: inlet 45°C, control 165*C 
Autodaye bottom-zone: inlet 30'C, control 170 # C 
Tube 1 st zone control: 275*0 
Tube 2 nd zone control: 275°C 

^ measured to be in me eaniiJXs* Sff. "* ™" " * " ^ amourt rt «^«ncorpcJon*L 
Example 4 

ison of these two polymers. . compound is used as chain transfer agent. Table 6 shows a compar- 



55 
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Table 6 



Mechanical properties and coefficient of friction 


Resin 


Example 3 


SC7641 


Modulus MD 


68.7 


62.3 


Modulus CD 


72.3 


60.0 


Yield Tensile Strength MD 


4.84 


3.91 . 


Yield Tensile Strength CO 


3.51 


3.13 


Rim/steel Coeff. of friction 


0.67 


0.91 



1* 

Example 5 

[0094] Example 1 was repeated, yet for the preparation of polyethylene for extrusion coating applications using the 
following different steady state conditions: 

20 

- Temperature process conditions: 

- Autoclave top-zone: inlet 35°C, control 205°C 

- Autoclave bottom-zone: Inlet 30°C. control 19S°C 

- Tube 1* zone control: 260°C 
25 - Tube 2 nd zone control: 260°C 

• As chain transfer agent. MEK is used in an amount of 0.7 wt% in the reactor make up ethylene feed stream, equally 
divided' over both AC reaction zones. 

[0095] In this continuous process, polyethylene was obtained in an ethylene conversion rate of 25%. The polymer 
30 product had a MFI of 4.0 and a density of 0.927 g/cm 3 . The amount of carbonyl incorporation was measured to be in 
the same level as in example 1 . 

Example 6 

35 [0096] The polymer product produced in the process described in Example 5 was tested versus PG 7004 and PG 
7008 (available from The Dow Chemical Company), both typical Dow extrusion coating grade with a Melt Index of 7.7 
and a density of 0.918 gr/cm 3 , prepared in a process wherein a non carbonyl based chain transfer agent was used as 
chain transfer agent. 

The resins were applied from a coathanger type of extrusion die with a nominal die gap of 0.7 mm onto 70 g/m2 Kraft- 
40 paper in an amount of 25 g/m2 with in-process addition of 40 micron aluminium fofl sheets using air gaps of 1 80 mm 
and 250 mm and at a line speed of 1 00 m/min utiising a glossy chill roll maintained at a temperature of 15 to 20*C . 
[0097] At a given wettability described by the similar mett index, tables 7a to 7c illustrate a benefit for the example 6 
material on foil adhesion over UDPE, based on its improved chill roll release due to density and inherent carbonyl 
groups establishing improved adhesion also at lower oxidation levels controlled by melt temperature and air gap. 

46 



Table 7a 



Foil adhesion 40 micron Al-foil (N/1 5mm) 


Set extruder temperature 


290°C 


310°C 


310°C 


Air gap 


250 mm 


180 mm 


250 mm 


Example 6 


2.88 


3.53 


3.65 


PG7004 ! 


2.66 


3.10 


3.36 


% increase 


8.3% 


13.5% 


8.6% 
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Table 7b 



FoH adhesion 40 micron Al-foil (N/1 5mm) 


. Set extruder temperature 


290*C 


310°C 


Example 6 (air gap 1 80 mm) 


1.83 


3.53 


Example 6 (air gap 250 mm) 


2.88 


3.64 


PG 7008 (air gap 250 mm) 


2.20 


1.83 



15 


Table7c 






Foil adhesion 40 micron AMbB (N/15mm) 




Example 6 (180 mm air gap and 290°C) 


1.83 


20 . 


PQ 7008 (250 mm air gap and 320*0) 


. 1.83 



[0098) Off taste to water was evaluated according to the following method. Pouches of each polymer coated aluminum 
foil sample are filled with approximately 1050 ml of potable water and stored during 24 hours at 30 # C in a dark air 

25 heated cabinet A number of one liter bottles containing potable water are stored under identical conditions to be used 
as ref erenca After the exposure period, the water exposed to the polymer bags is evaluated versus the reference sam- 
pies, for taste and odor properties. An amount of 40 ml of the water exposed is put into a 20 centiliter polystyrene cup 
and covered with a watch glass for two hours before the panel members perform the actual test All samples are ran- 
domly placed before being offered to the panel members. The panel members are requested to rate the samples. 

so offered in random order, on a scale of 6 levels starting from 0 - no off-flavour/taste up to 5 = very strong off-flavour/taste! 
After the rating the panel members are requested to give a forced ranking order to the samples using a scale of 4 levels, 
starting from 1 - strongest flavour/taste up to 4 « weakest flavour/tasta The results of the rating taste are then evalu^ 
ated statistically: 

[0099] Tables 8 and 9 show the comparison of both PQ 7004 and PQ 7008 ersus the polymer of example 6. 
as Statistical comparisons with a 95% confidence level were performed on 25 g/m2 coatings on 40 micron aluminum foil 
for example 6 versus typical extrusion coating grades. Based on the mentioned aluminum foil adhesion at lower air gaps 
for the materials of the present invention, It is demonstrated in tables 8 and 9 that statistically significant lower off taste 
to water is achieved. . 



TabJe8 





Example 6 


PQ7004 


Set extrusion temperature 


310°C 


310°C 


Air gap (mm) 


180 


250 


Off taste to water 


1.95 


2.55 


Number of panel members 


22 


22 


' Duncan range value 


0.55 


0.55 



55 Table 9 





Example 6 


PG7008 


Set extrusion temperature 


290'C 


290°C 
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Table 9 (continued) 





Example 6 


PG 7008 


Air gap (mm) 


180 


250 


Off taste to water 


0.53 


1.11 


Number of pane! members 


19 


19 


Duncan range value 


0.56 


0.56 



10 

[0100] The table 10 shows the higher heat resistance of the polymers, produced in these examples when compared 
to the standard reference polymers 



Table 10 



Heat resistance 




Example 1 


PG7004 


Vfcat (°C) 


103 


95 


Melting temp. (°C) 


115 


111 


Energy to Melt (J/g) 


149 


132 




Example 6 


PG7008 


Vfcat PC) 


100 


89 


Melting temp. (»C) 


114 


107 


Energy to Melt (J/g) 


146 


116 



so [0101] The data presented in Table 1 1 shows the increase in water vapor barrier of the polymers descrfoed in example 
6 versus the reference polymers. These data were measured on 25 g/m 2 coated papers produced using a glossy chill 
roll maintained at a temperature of 38°C on 70 g/m? Kraft paper. 



Table 11 



Water Vapour Transmission (WVTR in g/m 2 during 24 hours) 


Resin 


WVTR (g/rn 2 ^) 


%vs ref. 


PG 7008 (290°G 100 mpm, 250 mm air gap) 


15.9 


0.0 


Example 6 (290°C. 100 mpm, 250 mm air gap) 


11.5 


-27.4% 


Example 6 (290°C. 100 mpm, 180 mm air gap) 


12.8 


•19.1 % 


PG 7004 (290°C. 100 mpm, 250 mm air gap) 


14.8 


•6.9% 


PG 7004 (290°C, 1 00 mpm, 1 80 mm air gap) 


145 


-10.7% 



Claims 

so 1. Ethylene homo or copolymer having a density of between 0.923 and 0.935 g/cm 3 , having a molecular weight dis- 
tribution MJM n of between 3 and 10, and comprising from 0.10 to 0.50 wt.% of units derived from a carbonyl group 
containing compound, based on the total weight of the homo or copolymer. 



2. Polymer according to claim 1 , wherein the carbonyl group containing compound is a ketone or an aldehyde. 

3. Polymer according to claim 1 or 2, wherein the carbonyl containing compound is methyl ethyl ketone or propional- 
dehyde. 
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4. ♦ Polymer accordir^ to any one of the preceding claims, having a molecular weight distribution of between 5 and 8. 

5. Polymer according to any one of the preceding claims, comprising from 0.15 to 0.30 wt.% units derived from the 
carbonyl containing compound. 

6. Free radical initiation polymerization process for the preparation of medium density ethylene polymers or copoly- 
. mors, comprising reacting ethylene and optionally one or more comonomers at a high pressure, conveniently 

between 1 600 and 4000 kg/cm 2 , and at temperatures of about 1 50-330°C in a reactor system consisting of at least 
one autoclave reactor or of a combination of autoclave and tubular reactors, in the presence of free radical initiators 
and a carbonyl group containing compound, characterized in that such amounts of the carbonyl group containing 
compound are used so as to provide an ethylene polymer or copolymer comprising 0.1 5-0.50 wt% of carbonyl 
group containing compound derived units based on the weight of the total polymer and having a density of between 
0.925 and 0.935 p/cm 3 . 

7. A free radical polymerisation process according to the claims 1 - 6 wherein the f lexfoility to produce polymers within 
the range of molecular weight distribution (Mw/Mn) of 3 to 10 at substantially higher polymer densities (0.923 to 
0.935 Q/cm 3 ) is provided. 

8. Process according to claim 6, wherein the carbonyl group containing compound, and especially MEK or propional- 
dehyde, is used in an amount of between 0.1 and 2.0 percent by weight based on the total weight of ethylene and 
optional comonomers introduced in the reactor system. 

9. Process according to claim 6 or 7. wherein the pressure used is between 1 200 and 3000 Kg/cm 2 . 

10. Process according to claim 6, wherein an autoclave reactor combined with a tubular reactor is used as the reactor 
system 

11. Use of a carbonyl group containing chain transfer agent in a potymr preparation process to increase the adhesion 
of the polymer prepared to a support material. 

12. Use of a carbonyl group containing chain transfer agent in a polymer preparation process to increase water vapor 
barrier properties. 

1 3. Use of a carbonyl group containing chain transfer agent in a polymer preparation process to reduce the coefficient 
of friction (COF) to metal. 

14. Use of a carbonyl group containing chain transfer agent in a polymer preparation process to improve stiffness. 

15. Polymers according to the claims 1 to 1 1 permitting melt application in extrusion coating at higher melt viscosity 

16. Polymers according to the claims 1 to 1 1 permitting a melt application in extrusion coating at lower temperatures. 

17. Polymers according to the claims 1 to 11 permitting melt application in extrusion coating with reduced off-taste to 
water. 
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